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THE SELECTIVITY BETWEEN GLYCINE AND 
TAURINE CONJUGATED BILE ACIDS IN 

LIQUID CHROMATOGRAPHY 
REVERSED-PHASE HIGH-PERFORMANCE 

N. CHEN*, Y. ZHANG, AND P. LU 
Nationul Chromatographic R &A.  Center 

Dalian Institute of Chemical Physics 
Chinese Academy of Sciences 

116012 Dalian, People’s Republic of China 

ABSTRACT 

The dependence of parameter S on log k’, in the retention equation log k’ 
=log k’,-S cp for glycine and taurine conjugated bile acids has been found 
for the first time to be two parallel lines in reversed-phase high-perfor- 
mance liquid chromatography (RP - HPLC). The difference in parameter 
log k’, or S between glycine and taurine conjugates has been observed to be 
a constant, which therefore results in the constant selectivity factor be- 
tween five different glycine and taurine conjugated bile acids in RP - 
HPLC. 
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INTRODUCTION 

CHEN, ZHANG, AND LU 

In recent years ,considerable attention has been directed towards the biody- 
namics of bile acids in patients with hepatobiliary diseases, serum bile acid 
concentration has been proved to be a sensitive indicator of liver dysfunction 
in a variety of diseases (1 - 21. 
Bile acids usually occur naturally in conjugation with glycine or taurine. Re- 
versed - phase high-performance liquid chromatography (RP - HPLC) has 
been widely used methods for identification and determination of individual 
bile acids and their conjugates in biological fluids I 1  - 71 , but up to now ,to 
the best of our knowledge, there is no report of any systematic study into 
the selectivity between the two types of the conjugates. In this work, we 
have described the selectivity between glycine and taurine conjugated bile 
acids based on the retention equation log k’=log k’, - S  Q in RP-HPLC. 
We have found that the correlation of parameter S with log k’, in the re- 
tention equation for glycine and taurine conjugated bile acids results in two 
parallel lines in RP-HPLC. The difference in parameter log k’, or S be- 
tween the glycine and taurine conjugates has been found for the first time 
to be a constant which therefore results in the constant selectivity between 
glycine and taurine conjugates at the fixed concentration of mobile phase 
despite a considerable variation in retention time for each pair of the com- 
pounds. 

EXPERIMENTAL 

1 )APPARATUS 
Chromatography was carried out with a Shimadzu LC - 9A pump (Shi- 
madzu Corporation ,Kyoto, Japan) set at the flow rate of 1. 0 ml/min, sam- 
ples were loaded with a Rheodyne 7010 loop injection valve (Cotati,Califor- 
nia. USA). The stainless-steel column (250 * 4. 6mm i. d. ) that con- 
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tained a Spherisorb Cis reversed phase packing material with 5 pm particle 

diameter was packed by National Chromatographic R. & A. Center 
(Dalian’China). Peaks were detected using a UVIDEC- 100- I detector 
at 210 nm (Japan Spectroscopic Co. LTD,Tokyo,Japan). The eluent pH 
was measured by using Cole - Parmer Chemcadet 5986 - 50 pH meter 
(Taiwan,China). All HPLC measurement was carried out at  room temper- 
ature. 

2 IREAGENTS 

The conjugated bile acid standards were taurocholic acid (TC) , taurochen- 
odeoxycholic acid ( TCDC ) , taurodeoxycholic acid ( TDC 1, taurour- 
sodeoxycholic acid (TUDC) , taurolithocholic acid (TLC) , glycocholic acid 
( GC glymchenodeoxycholic acid ( GCDC 1, glycodeoxycholic acid 
(GDC) ,glycoursodeoxycholic acid (GUDC) , glycolithocholic acid (GLC 
which were obtained from Colibiochem- Behring Company. All chemicals 
were of analytical grade. 

3)CHROMATOGRAPHY 

Separation of the bile acids was achieved using different composition of 
methanol in phosphate buffer. Mobile phase was prepared volumetrically 
from individually measured volumes of methanol and phosphate buffer. 
The eluent pH has been adjusted to pH of 5. 50. Capacity factors were de- 
termined using equation k’ = (t, - to)/ to,  where t, is the retention time of 
the bile acid , to is the dead time of the column, which was measured as the 
retention time of the methanol peak. 

RESULTS AND DISCUSSION 

It has been generally accepted that the effect of the organic modifier con- 

centration ( 9 )  on the logarithm of the capacity factor (log k’) in RP- 
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HPLC can be simply described by the retention equation (1) (8-103 as it 
is shown in the following: 

where parameter log k', is the capacity factor obtained by extrapolation of 
retention data from binary eluent to pure water. It mainly describes the dif- 
ference in the interaction of solute-water and solute-stationary phase C9 
- 113. Parameter S is mainly determined by the molecular interaction be- 
tween the solute and the mobile phase. It shows the difference in interac- 
tion between solute-water and solute-organic modifier and it is a con- 
stant for a particular solute even when column systems with different CIS 
packings are used (113. Parameters log k', and S are well correlated with 
the solvatochromic parameters and thus are the function of the molecular 
structure C12). 
Table 1 shows the capacity factors of ten conjugates at different methanol 
concentrations in RP-HPLC. The results of the linear regression analysis 
between log k' and 'p are given in Table 2 where R is the regression coeffi- 
cient. The linear regression of the experimental data in all cases is larger 
than 0. 99 which strongly supports the validity of eqn. 1. 
It has been found theoretically and experimentally that parameter S has the 
following linear relationship with log k', for a series of compounds with 
closely related structures (10- 123 : 

where L, is a constant characterized the column system and mobile phase u- 
tilized. Lr is a constant characterized the properties of the structural related 
compounds. Fig. 1 shows the general chemical structure of glycine and tau- 
rine conjugates. 
It can be seen from Figure 1, the conjugated bile acids have separated into 
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Table 1 
The capacity factors of ten major conjugated bile acids and the selectivity 

factors between glycine and taurine conjugates at different methanol con- 

centrations in the eluent * 
For the chromatographic conditions, see Experimental. 

Proportion of methanol (v/v> ( % 1 

Bile acid 80 75 70 65 

k” a k’ a k’ a k’ a 

GUDC 0.67 1. 60 1. 30 1. 58 2. 47 1.47 

T U X  0. 42 0. 82 1. 68 

GC 1.13 1. 66 2. 24 1. 58 4. 28 1.49 

TC 0. 68 1.42 2. 87 

GCDC 2.04 1. 56 4.43 1. 56 9. 04 1.47 

TCDC 1.31 2. 84 6. 15 

GDC 2.40 1.59 5.00 1.56 10.80 1.50 

TDC 1. 51 3.21 7. 19 

GLC 4.30 1.56 9.65 1.57 21.71 1.49 

TLC 2.76 6. 14 14.53 

4. 44 1. 31 

3. 29 

7. 79 1. 27 

5. 76 

17.02 1. 32 

12.88 

20.76 1.33 

15.59 

45.71 1. 35 

33.75 

* Spherisorb-Om ’eluent :methanol-phosphate buffer ,pH 5.5. 
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Table 2 
The parameters log k’,, S in eq(1) given by linear regression of the experi- 
mental data in Table 1 and the values of Alog k’, and AS between glycine 
and taurine conjugates 
For chromatographic conditions, see Experimental. 

Bile 
acid log k’, S R’ Alog k’, AS 

GUDC 

TUDC 

GC 

T C  

GCDC 

TCDC 

GDC 

TDC 

GLC 

TLC 

4. 22 5. 48 

4. 41 5. 99 

4.54 5.59 

4. 78 6. 18 

5.24 6. 15 

5. 42 6. 63 

5.42 6. 29 

5. 60 6. 78 

6. 13 6. 86 

6. 25 7. 27 

1.00 -0.19 -0.51 

1.00 

1.00 -0. 24 -0.59 

1. 00 

0.999 -0.18 -0.48 

1.00 

0.999 -0.18 -0.49 

1.00 

1.00 -0.12 -0.41 

1.00 
~ ~~~ 

’ R is the regression coefficient. 

two types of structural related compounds, one is glycine conjugates, an- 
other is taurine conjugates, which was clearly illustrated in Figure 2. The 
dependence of parameter S on log k’, has resulted in two parallel lines for 
glycine and taurine conjugated bile acids in RP-HPLC, which has agreed 
well with our theoretical assumption. Therefore S- log k’, linear correla- 
tion analysis can be used to identify the structural similarity of the conju- 
gated bile acids. 
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GLYCINE AND TAURINE CONJUGATED BILE ACIDS 

R=NHCHzCOOH for glycine conjugates 

R=NH (CH,),SO,H for taurine conjugates 

Fig. 1. General structure of the conjugated bile acids. 

3163 

Fig. 2. The dependence of S on log k’, in retention equation log k’ =log 
k’, -Sq for glycine (GI and taurine (TI conjugated bile acids in 
RP -HPLC. Parameters S and log k’, were from Table 2. For 
chromatographic conditions see Experimental. 
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3164 CHEN, ZHANG, AND LU 

On the other hand, by examinging log k’, - values and S - values for 
glycine and taurine-conjugates in Table 2 ,  we have found the rule that 
parameter S increases with log k’, which thus results in an increase in re- 
tentionC10lcan only be observed for the structural related compounds. 
The conjugation selectivity between glycine and taurine conjugates in RP- 
HPLC is defined as the ratio of capacity factor of glycine conjugated bile 
acid to that of taurine conjugated bile acid, as is shown by equation (3) .  

By combining of eqns( 1 ) and (3) , we have : 

log a = ALog k’, - AS Q ( 4) 

As the difference in parameter log k’, (Alog k’,) or S <AS> between 
glycine and taurine bile acids is a constant (see Table 2). Therefore there is 
the constant selectivity factor between five different glycine and taurine 
conjugates at the fixed eluent composition despite a considerable variation in 
retention time for each pair of compounds C73. The contribution of the 
functional groups in the bile acid nucleus to the retention is the same 
whether the bile acid is conjugated with glycine or taurine. This conclusion 
may be generally true if there is no group interactions. The constant differ- 
ence in log k’, or S between glycine and taurine conjugates also implies that 
the parameters log k’, and S are the function of molecular structure (12) 
and that the linear relationships between log k’ and ‘p for each pair of the 
conjugates cross cach other at the same point (see Figure 3) .  This intersec- 
tion point rule for the conjugated bile acids shows another feature of glycine 
and taurine conjugates. 
The selectivity factors between glycine and taurine bile acids determined 
with various proportions of methanol in mobile phase are also listed in Table 
1. As is seen from Table 1, the selectivity factors between glycine and tau- 
rine bile acids increase with increasing water content ’ but the selectivity fac- 
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3.1 

3 

2.. 

2. 

1.: 
j, 
M 
0 
d 

1 

0: 

0 

4.! 

-1. 
0.30 0.40 0.50 0.60 0.70 0.80 

'4 

Fig. 3. Variation of the capacity factors with mobile phase composition 
for the conjugated bile acids on Spherisorb-OJX , methanol- 
0.01 M phosphate buffer, pH=5.5 ,  peaks:l=GUDC, 2= 

TUDC, 3=GCDC, 4=TCDC9 5=GLC, 6=TLC. 
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Table 3 
The capacity factors of ten major conjugated bile acids and the selectivity 
factors between glycine and taurine conjugates determined with methanol - 
buffer as mobile phase using different stationary phases. 
The exmrimental data are from ref. 4. 

~~ ~~~~ ~ 

System 1 system 2 system 3 system 4 system 5 

Bile 
acid k’ a k’ a k’ a k’ a k’ a 

GUDC * 
TUDC 2.42 1. 25 2. 31 1. 40 1. 42 

3.15 1.30 2.02 1.62 3.06 1.33 2.00 1.43 2.20 1. 55 

GC 5.00 1. 30 3.21 1. 59 5.00 1. 35 3. 93 1. 44 2. 94 1. 50 

TC 3.84 2.02 3. 71 2. 72 1. 96 

GCDC 10.20 1.30 6.13 1.6310.35 1.36 8.11 1.45 6.23 1.57 

TCDC 7.86 3. 76 7.63 5. 58 3. 97 

GDC 11.78 1.32 7.07 1.6611.94 1.37 9.68 1.47 7.13 1.59 

TDC 8.96 4. 25 8. 69 6. 57 4. 49 

GLC 23.18 1.3113.04 1.6723.50 1.3118.67 1.4715.50 1.63 

TLC 17.68 7. 82 17.92 12.69 9. 69 

* For abbreviations see Experimental. 
System 1 : p- Bondapak C18, eluent: methanol- 0.02 M phosphate buffer, 

System 2:p-Bondapak C,8,eluent:methanol-acetonitrile-0. 03 M phos- 

System 3: p - Bondapak C18, eluent: methanol - 0. 02 M sodium acetate 
(60:30) adjusted to pH 4. 2 with phosphoric acid (solvent sys- 
tem A) 

pH 4.2(60:30). 

phate buffer, pH 3. 4(60:10:30). 

System 4 : Supelcosil LC - 18 - DB , eluent : solvent system A. 
System 5 : Lichrospher CH- 8 ,eluent: solvent system A. 
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tors between five glycine and taurine conjugates are identical at the fixed 
proportion of methanol. The conjugation selectivities at  80%, 75% , 70% 
and 65% methanol vary by 1.59f0.04, 1 .57 f0 .01 , l .  48f0.01 and 1. 
30f0.04 respectively (meanfS. D. 1. 
Table 3 summarizes retention values for ten major conjugated bile acids and 
selectivity factors between glycine and taurine bile acids on different 
columns at a specific composition of mobile phase in RP - HPLC. As is 
seen in Table 3, despite a considerable variation in capacity factors for each 
pair of glycine and taurine conjugates, the selectivity factors between two 
types of the conjugates are independent of the type of bile acids. Retentions 
between glycine and taurine bile acids are controlled by the same dominant 
factor e. g. by glycine and taurine groups provided that there is no group 
interactions. 
Peak identification is a relatively weak part of the analysis of the bile acids. 
The methods which have commonly used is based on the retention of the 
standards. The conjugation selectivity has been found to be used for peak i- 
dentification of the conjugated bile acids in RP-HPLC without using any 
standards and has been proved to be a reliable method for peak identifica- 
tion of the conjugatesC71. Conjugation selectivity will find more and more 
uses in the peak identification of the conjugated bile acids in routine clinical 
analysis. 
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